Abstract
INTRODUCTION
Nowadays the radio systems operating at frequencies higher 1 GHz are widely used. The advancement to the state-of-the-art backbone links such as WiMAX standards-based technology compels to move to the higher frequencies up to 66 GHz that will allow one to deliver capacity of up to 40 Mbps per channel, for fixed and portable access applications. With these remarks in mind, the source location problem should be overcome. The numerous approaches and techniques are known for detecting, identifying and classifying various types of disturbance sources [1] - [7] . Nevertheless, in order to overcome the aforementioned problems today the suitable broadband mobile direction-finders with high-rapid rates are required.
The main goal of this paper is the designing and manufacturing the compact broadband directionfinder by means of the "zero-amplitude" technique.
ANTENNA DESIGN
As the antenna for direction-finder applications we propose the novel reflector-type antenna design (Fig.1) . This antenna consists of the main reflector and the sub-reflector as a monopole antenna located in the focus of main reflector.
When measuring the near-field distribution in the "reactive" region, we used the special probes and method described in [8] . The radiation patterns were measured by means of the method described in [9] .
Fig. 1. Antenna design

Monopole antenna as a sub-reflector
The investigations carried out by us earlier [10] have shown a possibility in effective controlling the radiation characteristics of the cylindrical monopole antenna (Fig.2.) by means of the variation of its constituent elements. First, we have carried out the optimization of monopole antenna from the effective main reflector excitation point of view by changing the monopole height h and ground plane diameter D. Following the results of investigations it was found that for the selected monopole height both the elevation angle of peak directivity and beamwidth can be changed by means of the ground plane radius variation. The nature of these changes is determined from the near-field distributions in the reactive region of antenna (Fig. 3) . In fact, the ground plane diameter increase results in increasing a number of EM field variations along the ground plane radius. Following the results of simulated and measured radiation patterns for different parameters h and D, it was found that the radiation pattern of the cylindrical monopole antenna with parameters h=15mm, D=20mm is the most favorable one for the effective irradiation of the main reflector of the reflector-type antenna (Fig. 4) . It is worth noting that the radiation pattern shape of the monopole antenna remains virtually the same over the entire operational frequency band.
Fig. 4. Radiation pattern of the monopole antenna
Thus, we realize the mono-beam conical radiation pattern with the high elevation angle of peak directivity by means of a suitable choice of the monopole height and ground plane diameter. These results suggested applying this antenna as a subreflector of the reflector-type antenna. Based on these results, the monopole antenna prototype with optimal parameters was manufactured (Fig. 5) . 
Characteristics of the reflector-type antenna
As a result of investigations of the radiation characteristics of the reflector-type antenna (Fig. 1) , the following optimal parameters of the directionfinder prototype were chosen by us, namely: the curvature radius of the main reflector is 120mm, the aperture radius of the main reflector is 80mm, the monopole height h=15mm, the ground plane diameter D=20mm, the focal length of the parabolic main reflector F=55mm.
The measurements carried out in the far-field region have shown that the given reflector-type antenna has the mono-beam conic radiation pattern (Fig. 6a) in the frequency band 6 -11 GHz (Fig. 6b) with the elevation angle of peak directivity θ =80 0 . It is worth noting that the power signal ratio in the antenna axis and in the main lobe maximum is less than -20dB. At that, the power level of side lobes is found to be around -20dB. 
DIRECTION-FINDER
Due to the monopole arrangement along the main reflector axis, the antenna has E θ polarization for any ϕ angle. The conceptual diagram of the direction finder is shown in Fig. 7 . The signal from the source under search comes in the low-noise amplifier for the signal pre-amplification over the entire operational frequency band. At that, the logarithmic amplifier realizes the main signal amplification to the level being sufficient for the effective ultra-wideband video detector (U ≈ 1mV).
After that, the signal is detected and intensifies by the wideband low-noise operational amplifier up to the level (about 2.5V) being sufficient for the fastoperating analog-to-digital converter. After video-amplifier the information signal enters the controller, which serves for the registration, numeralization, and displaying the level of receiving signal on the work board, as well as for the operation controlling and the direction-finder supply. The photo of control unit is shown in Fig. 8 .
There are two operation modes of the directionfinder, namely:
1. The rough approximation of the source location on the maximum level of the receiving signal. 2. Determination of the source bearing angle. Two operation modes requirement is caused by the display algorithm of the receiving signal, which is realized by means of the light-emitting diodes disposed to V-like shape on the work board of direction-finder controlling. The light-emitting diodes arrangement simulates the radiation pattern shape of the reflector-type antenna with a global minimum in the center that just determines a bearing angle of the required source (Fig. 9) . 
UWB detector
Since the level of useful signal is determined in the decibels relatively to the peak value, the first operation mode of the direction-finder is required.
The functional layout of controller has been designed using MSP-430 microcontroller permitting to realize the algorithm of signal registration and its level displaying on the work board.
MODEL EXPERIMENTS
We have carried out the model experiments on the SHF sources bearing by means of the aforementioned direction-finder prototype. The open-ended X-band waveguide was located at the distance 20m from the direction-finder prototype. The measurements were carried out in the frequency band 6 -11GHz. Based on the analysis of experimental angular dependencies, which have been found to be similar to those depicted in Fig.9 , we can pronounce that in the examined frequency band the power signal ratio in the antenna axis and in the main lobe maximum as well as the side lobe level do not exceed -20dB.
In order to demonstrate a working capacity of the direction-finder antenna, the latter was located in the interference EM field of the two coherent sources as the open-ended X-band waveguides at the distance 250mm from each other. In this case we register with confidence two minimums when the direction-finder is directed at either of the two sources. It allows one to determine their location in the space. In this case the angular resolution is θ Δ =6 0 .
CONCLUSIONS
A novel design of the compact broadband direction-finder is presented. We have optimized the parameters of cylindrical monopole antenna for its effective utilizing as a sub-reflector of the reflectortype antenna. The results of optimization are encouraging: good matching of the antenna to 50 Ohm feeding line has been achieved over the entire operational frequency band. The results of simulations and model experiments demonstrate the capability and benefits of the proposed directionfinder antenna. It is worth noting that due to the frequency-dimensional scaling the given antenna design can be designed and applied at the lower and higher frequency ranges. The proposed directionfinder design seems to be very attractive for BWLL, WLAN, and WiMAX applications.
